We describe surgical outcomes in a single-surgeon, consecutive series of patients who received scleral buckle placement for primary retinal detachment using a modified external needle drainage technique.
D
rainage of subretinal fluid (SRF) during rhegmatogenous retinal detachment (RD) repair allows for immediate apposition of the retinal break against the choroid and facilitates placement of a scleral buckle (SB) by decreasing intraocular volume. It is particularly useful in patients with bullous RD, 1 inferior retinal breaks, 2 proliferative vitreoretinopathy (PVR), 3 highly myopic eyes, 3 aphakic detachments, 3 chronic detachments with viscous fluid, 4 poor aqueous outflow, 3 and poor retinal pigment epithelium function. 3 Conventional drainage techniques [5] [6] [7] [8] [9] [10] [11] generally include radial sclerotomy within the bed of the buckle, diathermy on the sclera and/or choroid, puncture with a needle, and closure with a preplaced suture. During drainage, the surgeon observes the outflow of fluid externally while applying moderate external pressure to the globe. Once SRF drainage is completed, the suture is tied to close the sclerotomy.
Many modified SRF drainage techniques have been described, 10, including the external needle drainage procedure first described by Charles 12 in 1985. In this procedure, a 25-gauge, 5/8-in needle is placed against the sclera with the bevel away from the scleral surface. The needle tip is used as a scleral indenter to confirm that the external placement is correct and is then passed obliquely into the subretinal space. The procedure is visualized internally using either indirect ophthalmoscopy during SB surgery or an operating microscope during vitreous surgery. Throughout this procedure, normal intraocular pressure (IOP) is maintained using external pressure with the goal of reducing the risk of retinal incarceration.
In 2003, Jaffe et al 13 introduced a modified external needle drainage (MEND) procedure designed to minimize the complications associated with SRF drainage while maintaining a high anatomical success rate. In this procedure, an encircling SB is first tightened, thereby increasing IOP. A 26-or 27-gauge needle is placed either anterior to or directly under the bed of the scleral buckle. Under direct ophthalmic visualization, the needle is used to indent the sclera to confirm its location and then introduced into the subretinal space and positioned under the most bullous part of the RD.
Jaffe et al 13 reported a high rate of anatomical success and a low rate of complications with the MEND technique in a multiple-surgeon study. However, we are aware of only one other large, prospective study since 1997 that examined the safety and efficacy of this technique. 15 We describe our surgical results in a single-surgeon consecutive series of patients who received SB placement for primary RD, including SRF drainage using the MEND technique as described by Jaffe et al.
Methods
A single-surgeon, prospective, consecutive interventional study was conducted that included patients who underwent SB placement with MEND for a primary rhegmatogenous RD. The study was reviewed and approved by the Human Studies Committee at the Massachusetts Eye and Ear Infirmary (Boston). All patients provided informed consent before enrolling in the study. The study included all patients who underwent SB placement by one (J.G.A.) of the authors between October 1997 and January 2006, except those who had undergone previous vitreoretinal surgery.
The first treatment option considered for patients presenting with primary rhegmatogenous RD was pneumatic retinopexy. In cases of simple RD, SB surgery was considered for patients who were ineligible for pneumatic retinopexy, whose retina failed to reattach after pneumatic retinopexy, or whose preference was for SB surgery. Vitrectomy or combined SB placement/vitrectomy was indicated in cases of SB failure or complicated RD (posterior holes, poor view of the retina, or giant retinal tears). Focal PVR was not, by itself, considered an indicator for vitrectomy.
Demographic data were collected. Preoperative data included best-corrected visual acuity determined using a Snellen eye chart, macular status, IOP, lens status, and extent of RD. Intraoperative data included number of external drainage sites, type of element/ band, vitreous substitute, and intraoperative complications. Postoperative data included retinal status and best-corrected visual acuity. Visual acuity was converted to logarithm of the minimal angle of resolution (logMAR) to facilitate calculation of visual acuity change after surgery.
Surgical Methods
Surgery was performed during monitored anesthesia care with a retrobulbar or sub-Tenon space block. After the breaks were identified and localized, cryopexy was applied in a confluent manner around breaks up to the ora serrata. An encircling band was placed around the eye under the rectus muscles with its end affixed using a Watzke sleeve in the superonasal quadrant. The band was sutured into place using a 5-0 nylon suture in a horizontal mattress fashion in the middle of each quadrant. The band was tightened sufficiently to create a moderate amount of scleral indentation and to increase IOP. A suitable drainage site was chosen, typically just superior or inferior to the horizontal rectus muscle or nasal or temporal to the vertical muscle insertion, away from the vortex vein, within the bed of the buckle. A 27-gauge 5/8-in needle on a 3-mL syringe without the plunger was then used to penetrate the eye under the bed of the buckle. The bevel of the needle was directed away from the globe to facilitate ocular penetration. The needle shaft was placed under the buckle and observed using an indirect ophthalmoscope and a 20-diopter lens. Slight indentation of the sclera by the needle could be seen ophthalmoscopically. Once the tip of the needle was in the desired location, the needle was directed at an angle Ϸ45°through the sclera and choroid into the subretinal space. Using direct visual-ization, the shiny metal shaft of the needle could be seen in the subretinal space, and the tip of the needle could be moved to areas with more bullous RD. During SRF drainage, the retina could often be seen "fluttering in the breeze." The flow of SRF was allowed to continue until all SRF was removed. Once SRF drainage was complete, the needle was withdrawn from the eye, and the area was inspected ophthalmoscopically for any possible retinal injury or subretinal hemorrhage (SRH). Once the drainage procedure was completed, IOP was checked. For hypotonic eyes, a vitreous substitute such as air, gas, or balanced salt saline was injected into the vitreous cavity. For hypertonic eyes, anterior chamber paracentesis was performed. In each case, the cornea was well hydrated with Gonak (Akorn, Inc., Buffalo Grove, IL) (hypromellose, 2.5%) during surgery. The entire SB procedure, including drainage by MEND, lasted between 30 minutes and 60 minutes.
Statistical Analysis
Comparisons of visual acuity before and after surgery were performed using the nonparametric Wilcoxon signed rank test. Linear regression was used to evaluate the association between number of surgeries and age, sex, macular status, extent of RD, PVR, lens status, YAG capsulotomy, kind of SB/element used, number of drainage sites, type of vitreous substitute, and anterior chamber paracentesis. P Ͻ 0.05 was considered statistically significant. Statistical analyses were performed using SPSS software version 12.0 for Windows (SPSS, Inc., Chicago, IL).
Results
Eighty-two eyes of 80 patients underwent SB placement with MEND. Mean age Ϯ SD of the patients was 52 Ϯ 16 years. There were 28 females and 52 males. Thirty-eight eyes (46.3%) had macula-off detachments. Four patients (4.9%) had PVR of grade B or higher. There were 27 pseudophakic eyes (32.9%), 2 aphakic eyes (2.4%), and 53 phakic eyes (64.6%). Six of the pseudophakic patients underwent YAG laser capsulotomy. Ten patients had high myopia (Ͼ6 diopters). Four patients had glaucoma (Table 1) .
Overall, RD most often extended 41% to 50% (Table 2). A 41 band (3.5 mm wide) was most often used. SRF was successfully drained in each of the 82 eyes. The site of SRF drainage depended on the amount of SRF present. A single drainage site was used in 78 eyes (95.1%), while 2 drainage sites were used in 4 eyes (4.9%). The drainage site was within the area of cryoretinopexy in 10 eyes. Anterior chamber paracentesis was performed on 13 eyes (15.9%). Corneal debridement was performed on 73 eyes (89%). A vitreous substitute was injected in 44 eyes (53.7%) ( Table 3) . Mean patient follow-up Ϯ SD was 16.3 Ϯ 17.7 months (range, 5-91 months).
Anatomical Success Rate
Seventy-six eyes (92.7%) were repaired with a single surgical procedure. The retinal reattachment rate after 2 surgical procedures was 98.8%. All retinas were reattached by the third procedure. Of the six initially failed reattachments, four were due to PVR, one was due to a new retinal break, and one was due to an unknown cause, possibly PVR.
Pars plana vitrectomy was performed on six eyes at the time of the second operation and on one eye at the time of the third operation. Subsequent surgeries to reattach recurrent RD required pars plana vitrectomy in six eyes, membrane peeling in three eyes, and relaxing retinotomy in one eye (Table 4) . No clinical variables were found to be significantly correlated with number of surgeries (Table 5) . 
Functional Results

Final
Complications
No long-term corneal complications were noted in this case series. One (1.2%) of 82 eyes developed a localized SRH at the drainage site. The operating surgeon immediately raised IOP by digital pressure to minimize bleeding. The SRH did not extend into the macula and remained localized to the inferior retina. Despite this limited SRH, the patient's visual acuity was improved from 20/150 to 20/80 with the surgery, and no retinal redetachment occurred. There were no cases of extensive SRH, retinal incarceration, retinal perforation, or vitreous hemorrhage associated with the MEND procedure in this study. One eye devel- oped hypotony 2 days after surgery, but this improved spontaneously. Elevated IOP of Ͼ21 mm Hg was found in 6 patients. These patients were managed with either observation (Ͻ30 mm Hg) or topical drops (Ն30 mm Hg). Two patients who received a 3.5-mm SB encircling band developed limited choroidal detachments, which improved spontaneously postoperatively.
Discussion
This single-surgeon, prospective, consecutive, interventional case series demonstrated that the MEND technique is both safe and effective in repairing primary rhegmatogenous RD. The anatomical success rate was 92.7% after 1 operation, improved to 98.8% after 2 operations, and reached 100% after 3 operations ( Table 4) . The surgical success rate did not correlate with factors related to surgery or with any other clinical factors. Postoperative visual acuity was significantly improved compared with preoperative visual acuity (P Ͻ 0.001; Fig. 1 ).
Our success rate compares favorably with previously reported rates. In a study by Wilkinson and Bradford, 32 91% of primary rhegmatogenous RDs were anatomically reattached with a single operation after SB placement and conventional drainage. Burton et al 14 reported that 88 (88%) of 100 eyes were reattached 1 month after an SB procedure with external needle drainage. Jaffe et al 13 reported a 91% singlesurgery reattachment rate and a 98% final reattachment rate among 187 eyes with primary rhegmatogenous RD using the MEND technique.
In our study, 82 eyes (100%) were successfully drained, 78 (95%) using 1 drainage site and 4 (4.9%) using 2 drainage sites (Table 3) . Azad et al 15 also reported successful drainage for 100% of eyes treated with modified needle drainage. Jaffe et al 13 also reported that SRF was successfully drained in all eyes, with 16 eyes (8.5%) requiring 2 sites of drainage and 1 eye (0.5%) requiring 3 sites of drainage. In a prospective, randomized study of 50 consecutive eyes, Das and Jalali 22 described successful needle drainage in 25 (100%) of 25 eyes, compared with 23 (92%) of 25 eyes that underwent laser-aided conventional drainage. The overall reported success rate of conventional drainage in the literature ranged from 84% to 97%. 19, 20, 23, 28 Needle drainage seemed to be associated with a higher success rate than conventional drainage.
SRF drainage during SB placement is a potentially dangerous procedure, which may be complicated by SRH, retinal tears, and retinal incarceration. Our rates of complications including SRH (1.2%) and choroidal detachment (2.4%) compare favorably with previously reported rates, and clinically significant hemorrhage extending beneath the macula was not observed in any of our cases. Wilkinson and Bradford 9 reported a 3.1% rate of SRH with conventional drainage in a series of 662 primary SB placements. Burton et al 14 performed a needle drainage procedure that was associated with a 22.2% rate of SRH compared with a rate of 12.7% with conventional drainage. In comparison, Azad et al 15 reported a 17.5% rate of SRH associated with conventional drainage compared with 15% associated with needle drainage without high IOP. Rosen et al 10 reviewed 179 cases in which needle drainage without high IOP was used. These investigators found an 8.4% incidence of SRH. The overall incidence of SRH associated with external drainage using an argon laser probe was reported to range from 1.7% to 13.4%. [17] [18] [19] [20] 22, 23, 25, 28, 30 Using an electrolysis needle, 10 (2.2%) of 450 cases had a small hemorrhage at the site of the electrolysis puncture, and 12 (2.7%) had a large hemorrhage of Ͼ1 disk diameter. 33 These researchers reopened the encircling element to lower IOP if it was too high.
The main difficulty encountered in these studies was the maintenance of IOP during the drainage procedure, especially in cases where there was a large volume of SRF. Burton et al 14 maintained IOP during the drainage procedure by digital pressure or with the use of cotton tips. They reported a 19.4% rate of SRH after cryotherapy drainage versus a 10.7% rate when cryotherapy was performed after drainage. Although this difference was not statistically significant, it may have been due to cryosurgically induced choroidal vascular dilatation. 14 Pearce et al 8 concluded that the use of cryotherapy before SRF drainage can sometimes be safely performed, depending on the situation. In their series, all cryopexy was performed before SRF drainage. In 10 of our cases, the drainage site was located in the area of cryotherapy, including the 1 case of SRH (Table 3) . Although the preferred location of drainage is close to the muscle insertion, it may be beneficial to avoid the area of cryopexy if possible.
Tightening an encircling band can maintain elevated IOP, and we suspect that this high IOP may have reduced or minimized the overall incidence of hemorrhage. We performed an encircling procedure on all patients in this study. Tightening an encircling band may more easily maintain elevated IOP, and using this technique, the SRH rates in our study and the case series by Jaffe et al 13 were 1.2% and 4.2%, respectively.
Retinal perforation and retinal incarceration are also potential complications of SRF drainage. 5, 35 However, we did not encounter any of these complications (Table 3) , which do not often occur with external needle drainage. 10, [12] [13] [14] 16, 21, 26 The much smaller sclerochoroidal opening associated with modified needle drainage probably reduces the risk of vitreous and retinal incarceration. 13, 15, 16 In addition, correct subretinal placement of the needle, as observed under indirect ophthalmoscope, also helps prevent these complications. If the needle were to make contact with retina, the surgeon would be able to withdraw it and reposition it as necessary.
Our results are similar to those of Jaffe et al. 13 The success rates in the case series of Jaffe et al were 91% after the first surgery and 98.3% after the second surgery. The rate of hemorrhage during drainage was 4.2% in the study by Jaffe et al. No retinal damage occurred in either our study or that of Jaffe et al. Our lower rates of hemorrhage and fewer drainage sites might be because our study used only one surgeon. Our 89% rate of corneal debridement (Table 3) was significantly higher than the rate of 15.5% reported by Jaffe et al. This difference is attributable to higher IOP during surgery and to surgeon preference for a clear view posteriorly. In all our cases, the cornea was well hydrated with Gonak (hypromellose, 2.5%).
One disadvantage of MEND is the frequent need to remove the corneal epithelium. Corneal debridement was needed to improve the retinal view during external needle drainage in 89% of cases (Table 3) . MEND may be contraindicated in patients with severe glaucoma. We performed this procedure on four glaucoma patients who had well controlled IOP (Table 1) . After surgery, their visual field was not changed, and their IOP remained well controlled with the same medications. Typically, IOP is elevated for Ͻ5 minutes during SRF drainage. This short duration of elevated IOP did not appear to result in nerve damage. Therefore, this procedure appears to be relatively safe for patients with mild to moderate glaucoma but is not advised for patients who have a history of significant glaucomatous nerve damage. In eyes with a thin sclera, elevated IOP may also lead to scleral rupture. Surgeons should be especially careful with patients who have collagen vascular disease like rheumatoid arthritis or patients with large scleral dehiscence.
MEND has several important advantages over traditional drainage procedures. First, maintaining high IOP during the drainage procedure appears to reduce the risk of SRH. Second, the risk of retinal perforation and incarceration is considerably reduced, because the surgeon always observes the needle being introduced under the retina via a direct ophthalmoscopic view. Third, it is easier to drain SRF when a patent passage exists between the subretinal space and the outside globe. Fourth, SRF is collected directly into a sterile syringe, creating a clean specimen that can be used for research purposes. Fifth, during needle drainage, we often noted aspiration of subretinal pigment debris (presumably, proliferations of retinal pigment epithelium cells), which may decrease the risk of grade 3 (subretinal) PVR. Last, the MEND technique creates only a small drainage site on the sclera, which does not significantly weaken the sclera in the unlikely event that SB revision is necessary.
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